An initial evaluation of early selection of physic nut genotypes based on phenotypic data is presented. In order to predict the genetic gains with early selection, genetic parameters, e.g. additive genetic variance, were first obtained for grain yield along with other numerous traits. The results demonstrated that additive genetic variance exists not only for grain yield, which is considered to be the most important trait for oil and biodiesel production, but also for numerous other traits. The predicted genetic gains for grain yield, considering the selection of the 30, 20, 10 and 5 best families in the second crop year are respectively, 40.47, 48.43, 61.78 and 70.28%. With the selection of highly yielding physic nut genotypes indirectly genotypes with enhanced volume would be also selected, because yield exhibits moderate to high genetic correlations with height e canopy volume. The results here presented demonstrate the potential of the population gathered in the Brazilian physic nut germplasm bank for genetic breeding purposes and that superior physic nut families can be selected with high accuracy based on the evaluation of its second crop.
INTRODUCTION
Due to the fact that its oil can be converted into biodiesel, either by chemical (BERCHMANS; HIRATA, 2008) or by biological transesterification reactions (MODI et al., 2007) , physic nut (Jatropha curcas L.) has been considered a potential crop to meet the Brazilian National Program for Production and Use of Biodiesel (LAVIOLA et al., 2010; GURGEL et al., 2011) . Current estimates indicate that an area of over 26,000 ha is planted with J. curcas in Brazil (ROSADO et al., 2010) even though no elite cultivars are available (CARELS, 2009; DURÃES et al., 2011) . As this area is expected to rapidly increase in the forthcoming years, not only in Brazil but globally, groups involved in physic nut research are now directing efforts to the genetic improvement of the species (ACHTEN et al., 2010; DIVAKARA et al., 2010; ROSADO et al., 2010) . In this context, aiming future breeding efforts, a germplasm bank with near 200 accessions was assembled and initially characterized in Brazil (LAVIOLA et al., 2010; ROSADO et al., 2010) . This germplasm bank is one of the largest established in the world, and represents most of the genetic variability of the species in Brazil (ROSADO et al., 2010) . The initial characterization of this germplasm, using phenotypic (LAVIOLA et al., 2010; LAVIOLA et al., 2011) and molecular data (ROSADO et al., 2010) , indicated that, although limited, there is genetic variability available for breeding purposes.
Physic nut breeding is only in its initial stages (CARELS, 2009) , and initial studies have indicated that intra-populational recurrent selection would be the most suitable way, to rapidly improve the frequency of favorable alleles for traits of interest. Intra-populational recurrent selection can be then considered as a general physic nut breeding approach (LAVIOLA et al., 2012) . Based on estimates of genetic correlations among the traits of interested, it seems that breeding efforts should initially be use track trees with increased stem diameter, elevated number of branches and canopy volume so as to increase the chances of finding an exceptionally highly productive tree (LAVIOLA et al., 2010) . However, as no elite cultivars are currently available, and because breeding approaches based on recurrent selection of elite genotypes are only on its initial stages, rapid development and release of improved physic nut cultivars is highly desirable. In that context, an initial evaluation of the precision and accuracy of early selection based on phenotypic data could indicate if the selection of superior genotypes in a germplasm bank could be performed efficiently, so as to allow the rapid release of improved physic nut genotypes. A number of studies have undoubtedly demonstrated the benefits of early selection, especially in forest trees and perennial plant species (MARQUES JUNIOR et al., 1996; BAUDOUIN et al., 1997; APIOLAZA, 2009) , which in general breeding cycles are only completed after many years. In such species, innumerous efforts and approaches are currently being tested in order to reduce the time needed to complete a breeding cycle, including the use of molecular markers in marker assisted selection (MAS) (GRATTAPAGLIA; KIRST, 2008) and genomic selection (GS) (GRATTAPAGLIA; RESENDE, 2010) .
The purpose of this study was to (i) estimate genetic parameters for a number of reproductive and vegetative traits of physic nut (based on phenotypic evaluation of developing plants that compose the Brazilian physic nut germplasm bank) and using such parameters to (ii) predict the genetic gains that could be achieved with early selection of the families for yield. Tangentially the study also intended to gather data on the (iii) correlation among the reproductive and vegetative traits.
MATERIAL AND METHODS
One hundred seventy-five accessions of the physic nut germplasm bank were used in the experiment. The germplasm bank is established at the experimental area of the Embrapa Cerrados Brazil (15°35'30'' south latitude and 47°42'30'' west longitude, at 1007 m altitude)].
The experiment was established using a randomized blocks design with two replicates and five plants (10 plants of a same family) per plot arranged in rows (4x2m spacing). Phenotypic evaluations of 175 accessions were performed considering reproductive and vegetative traits, according to the development of the plants (LAVIOLA et al., 2010) . The present work presents the results of the second crop year (November 2009 to July 2010). The traits that were evaluated are (i) grain yield (Yield, g), (ii) 100 seeds weight (W 100 , g), (iii) number of seeds per fruit (NSF, n), (iv) ratio between endosperm and seed (E/S), (v) seeds length (SL, mm), (vi) seeds width (SW, mm), (vii) seeds thickness (ST, mm), (viii) total number of branches per plant at 0.5 meters (TNB 0.5 ), (ix) total number of branches per plant at 1 meter (TNB 1.0 ), (x) total number of branches per plant at 1.5 meters (TNB 1.5 ) (xi) plant height (height, m), (xii) stem diameter (SD, mm), (xiii) canopy projection on the row (CP R , m), (xiv) canopy projection between lines (CP BL , m), (xv) canopy volume (CV, m 3 ), (xvi) juvenility measured by the number of days to the first flowering (NDF, days) and (xvii) height of the first inflorescence (HFI, m). The canopy volume was estimated by approximating the volume of a cylinder with elliptical base using the formula described by Laviola et al. (2010) .
As previously (LAVIOLA et al., 2010) , although belonging to different sampling sites, the progenies were analyzed together as a single population, because as indicated by Rosado et al. (2010) physic nut plants in Brazil are not structured into subpopulations. Data analysis was then performed using the statistical model 107 of the software SELEGEN-REML/BLUP (FURLANI et al., 2005; RESENDE, 2007) , which considers evaluation in one place in randomized block design, progenies of a single population of mixed reproduction and with one cycle of inbreeding and various plants per plot. The genetic model and mixed model equations used to solve it are described in details in Resende (2007) .
The estimates of the genetic parameters were obtained based on individual REML (restricted maximum likelihood). These parameters are: 'V g ' -genetic variance among families (whose additive and dominance components depends upon selfing rate -assumed here as 25%), 'V plot ' -environmental variance between plots, 'V e ' -residual variance; 'V p ' -individual phenotypic variance, 'h 2 a ' -individual total heritability (using 3/2 of the additive genetic variance in the numerator, when S=0) in the restricted sense, 'c 2 plot ' -determination coefficient of plot effect, 'h 2 pm ' heritability of the progenies mean (assuming complete survival), 'APS' -accuracy of progeny selection Estimate of genetic parameters and predicted...
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Ciênc. agrotec., Lavras, v. 36, n. 2, p. 163 -170, mar./abr., 2012 (assuming complete survival), and 'h 2 awp ' -additive heritability within plot (using 1/2 of the additive genetic variance in the numerator , when S=0). Means and genetic gains were calculated based on BLUP (best linear unbiased prediction). While computing the genetic gains, the selection of the best families was considered. For the analyses of correlations between the genotypic values, SELEGEN-REML/BLUP model 102, which uses standard procedures previously described (RESENDE, 2007) , was adopted. The significance of genetic correlations was tested by the t test (CRUZ, 2006) .
RESULTS AND DISCUSSION
Since estimates of genetic parameters of economically important traits are essential to predict the genetic gains that can be achieved with the selection of superior genotypes, seventeen important traits were calculated and summarized in Tables 1 and 2 . Considering the reproductive traits (Table 1) in general, higher proportions of V g /V p and V g /V plot were found for yield, W 100 and seeds morphology traits (SL, SW and ST), while lower values were found for the traits NSF and E/S. Considering the vegetative traits (Table 2) in general, the higher proportions of V g /V p and V g /V plot was found for CV, while mid-values were found for height, SD, CP R , CP BL , NDF and HFI and low-values for TNB (at 0.5 to 1.5m). These estimates directly reflect the utility of such traits for selection purposes, as higher additive variance values are essential considering the sexual propagation of superior genotypes. The estimates of the additive genetic variance also reflected on the heritability values of progenies means (h 2 pm ). As can be seen in the tables 1 and 2, the population displayed high heritability for some traits, including grain yield and W 100 , indicating that there are good prospects for selecting higher yielding families aiming at oil and biodiesel production (Table 3) . Moreover the accuracy of progeny selection (APS) considering these traits are elevated (Tables 1 and 2) .
On the other hand, no genetic variability at all was found for NSF, E/S and for TNB, especially at lower heights (Tables 1 and 2) , as evidenced by the low heritability values. Based on such information, it is clear that these traits should not be used on the selection of superior genotypes and that the improvement of such traits should be performed by means of management practices instead. Such information also suggests that these variables can be discarded for future genetic evaluations, and that it cannot be used as morphological descriptors, hence it does not allow a clear differentiation of related cultivars. Considering the individual total heritability in the restrict sense (h 2 a ), the population displayed mid-average heritability values for some traits (Tables 1 and 2) indicating that there are also good prospects for selecting higher yielding individuals within a given family. -heritability of the progenies mean, APS -accuracy of progeny selection and h 2 awp -additive heritability within plot. Yield -grain yield, W 100 weight of 100 seeds, NSF -number of seeds per fruit, E/S -ratio between endosperm and seed, SL -seeds length, SW -seeds width and ST -seeds thickness.
It is interesting to note that as morphological contrasting traits are important for certification purposes, identification of useful traits that can be used with such purposes is essential in a breeding program. In this context, given the high heritability values here presented for seed morphology traits i.e. SL, SW and ST (Table 1) such traits may allow the differentiation of physic nut cultivars. It is noteworthy that as these traits are not directly related to grain yield, its usefulness in the selection of superior genotypes is virtually null.
An important concern when performing field experiments is the ideal control of undesirable effects. In this context, the determination coefficient of plot effects (c 2 plot
) is an important parameter to be estimated as it quantifies the variability within blocks, and consequently the degree of experimental control. In the present work, the estimates for such parameter ranged from 0.05 to 0.29 (average 0.18), when considering the reproductive traits and from 0.05 to 0.38 (average 0.16), when considering the vegetative traits (Tables 1 and 2 ). These results thus indicate low environmental variation among plots within a given block and low environmental correlation of the observations within plot sand thus good experimental control.
In order to predict the genetic gains with early selection the genetic parameters were first obtained for grain yield along with other numerous traits. The results demonstrated that additive genetic variance exists not only for grain yield, which is considered to be the most important trait for oil and biodiesel production, but also for numerous other traits. Laviola et al. (2010) earlier reported the existence of additive genetic variance for grain yield and other traits in this same population (Brazilian germplasm bank) based on the first crop. Even though it was speculated that elevated genetic gains could be obtained with the selection of superior families/individuals in this germplasm bank, no estimates of the genetic gains were presented. Here, such estimates are presented along with the genetic parameters based on the second crop of this population. To the best of our knowledge this is the first report of the genetic gains that can be obtained with early selection of higher yielding genotypes in physic nut germplasm in Brazil, and the most representative report of the genetic correlations between physic nut traits. These information and especially those related to the magnitude of the predicted genetic gains, may be of special interest as it suggests that an alternative physic nut breeding approach can be adopted, at least on the initial stages of the breeding program.
In this context, the predicted genetic gains for grain yield, considering the early selection of different number of families are summarized in table 3. It is notorious that the predicted genetic gains are, most of the times, quite elevated. Such behavior is indeed expected in the initial -heritability of the progenies mean, APS -accuracy of progeny selection and h 2 awp -additive heritability within plot. TNB 0.5-total number of branches per plant at 0.5 meters, TNB 1.0 -total number of branches per plant at 1 meter, TNB 1.5 -total number of branches per plant at 1.5 meters, SD -stem diameter, CP R -canopy projection on the row, CP BL -canopy projection between lines, CV -canopy volume, NDF -number of days to the first flowering and HFI -height of the first inflorescence.
Ciênc. agrotec., Lavras, v. 36, n. 2, p. 163 -170, mar./abr., 2012 stages of a breeding program, because in a context where most of the plants produce very little, the selection of a group of plants that yields higher is indeed expected to provide elevated genetic gains.
countries by Divakara et al. (2010) . These new sources of genetic variability could be later gradually introduced into the base population of the breeding program, so as to assure a wider genetic basis. Table 4 presents the estimates of genotypic correlations among the seventeen traits measured. Such information is essential for a breeding program as it may allow breeders to predict the indirect genetic gain in one trait based on the selection of another trait. Moreover, it may contribute to the delineation of efficient strategies to maintain the genetic variability in non-selected traits (BHERING et al., 2012) . Considering that grain yield is among the most important traits aiming at oil and biodiesel production (SPINELLI et al., 2010; ROCHA et al., 2012) , it is important to establish the genotypic correlation of this trait with others. In that context, higher magnitude correlations (of positive direction) were observed between yield and TNB 1.5 , CP R , CP BL and CV (Table 4) . It is interesting to note that the higher correlation (0.5774) was obtained between yield and CV, indicating that plant architecture is an important contributor to productivity. In that context, TNB at 1.5m seems to be a major determinant of plant canopy architecture given the high correlation values found between this trait and CP R , CP BL and CV (Table 4 ). The higher correlations however, were obtained between traits that have a direct relationship, e.g. between canopy traits, between W 100 and seeds morphology traits and between TNB at different heights. Correlations of medium to low magnitude were observed between all other traits ( Table 4) .
As the results of this paper clearly demonstrate the existence of genotypic variability for numerous traits of interested, and that early and accurate selection can be performed based on the second crop data (yield data), it is important to establish the effect of such selection on other non-directly selected traits, and possible indirect gains. Because of the existence of genetic correlations between the physic nut traits (Table 4) it is possible to predict how the selection based on grain yield may affect the other traits. Such information, i.e. the existence and the magnitude of genetic correlations between traits, can be also of great interest as it may allow the construction of selection indexes for multi-traits to be employed in further stages of the physic nut breeding program (LAVIOLA et al., 2010) . In that respect, it is interesting to note that with the selection of highly yielding physic nut genotypes indirectly genotypes with enhanced volume would be also selected, because yield exhibits moderate to high genetic correlations with height, SD, TNB 1.5 , CP R , CP BL and CV. In other perennial species, SD and CV have been shown to be genetically correlated with yield and its components (WALYARO; VAN DER VOSSEN, 1979; CILAS et al., 1998; SPINELLI et al., 2010) . *Selection of the ten best progenies; **Selection of the twenty best progenies; ***Selection of the thirty best progenies; ****Selection of the fifty best progenies.
The results here presented also demonstrate that superior physic nut families can be selected, with high accuracy (Table 1) , based solely on the evaluation of its second crop. This fact probably reflect the elevated heritabilities of progenies means (h 2 pm ) earlier verified for yield (Table 1 ). In such context and considering that physic nut is perennial plant species, the selection performed based on the information of the second crop can be considered then a form of early selection. Early selection has been demonstrated to benefit genetic breeding programs of forest trees and perennial plant species (MARQUES JUNIOR et al., 1996; BAUDOUIN et al., 1997; APIOLAZA, 2009) , as it allow a breeding cycle to be completed faster. Based on the predicted gains here reported, independent of the selection strategy used, in principle two selection cycles could be performed in the same time (i.e. 4-5 years) that only one cycle would be completed based on intra-populational recurrent selection with three consecutive measurements, which is thought to be the most effective method for improving physic nut genotypes.
Independent of the selection strategy to be employed, it is reasonably clear that, given the low genetic variability of this population (Brazilian germplasm bank), the genetic gains will tend to drop fast in the next breeding cycles. This fact reinforces the need of adding more diversity to the germplasm bank by collecting new samples in the center of origin/diversity of the species as early suggested by Rosado et al. (2010) Estimate of genetic parameters and predicted...
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Ciênc. agrotec., Lavras, v. 36, n. 2, p. 163 -170, mar./abr., 2012 Generally, the purpose of estimating genetic correlations between traits of interest is to determine which traits can be potentially used as an indirect indicator of higher yielding genotypes, thus allowing indirect selection. However, by looking at the genotypic correlation on the opposite way, one can establish the general features of highly yielding genotypes. For a species like physic nut for which cultural practices are not well established, this information could be very useful to adjust the production system. For example, by determining that higher yielding genotypes are generally those with a specific plant architecture (in the current case it seems that larger and taller plants produce more than smaller plants) a mechanized harvest system can be correctly planned, as well the spacing and nutrient requirement.
CONCLUSION
The results here presented confirms the existence of genetic variability that may allow genetic breeding of the species and that genetic gains can be achieved with the selection of superior physic nut families based on the evaluation of its second crop.
